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TV^^o h y y TCO Great barrier reef T'ti 

{Physalia physalis) KX^^'^i^^<. 

ii ^ J y' ^ y ^ {Gonionemus oshoroY^, T 
>^ K y y -5^* {Carybdea rastonii) , TiJ ^ y ¥{Chry- 
saora quinquecirrha) , ^^y* ^ =7 ^ {Chiropsalmus qu- 
adrtgatusy\ \^ ^ y ¥ (Tamoya gargantua) f^iHf)^^ 

llfig;^^: Urti, WSlOW^St* thalassin (tetramine 
^f^ffl) congestin (serotonin filf^ffl) if ^^iS^^f* 
Lane" / :^^-i^<Om^ 

Freeman (b^H^ Chironex fleckeri t^h snake milk- 
ing ffii:[^#^:*S-t:if/cg;,£^(C(i, serotonin <OX 



J; m58l!3 0 a ^r- ^ ^ X' fr o o 



Tamkun tb'^Hi, '7 ^ / ^^^>^^ ife^ i: ^jfiL?Sii 
^ i,O^i^ft24^C0!^-^ :^^°i^K^II©t, Physalitox- 
in i:^o(:r/-Co ^/i. Gaur fb^^-^^'tC i !) T ^ 7 

nochromatography J: 6*|»?5'^ii2^> ^t^-rv^6 o 
Bgfn46^685<ft^, BHfp47^478ft:^^L, ^ i: A. if 

II 

TV K>'^ 7-^' {Carybdea rastonii, Haacke, 1886) 
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p.- nr o ^^^^^^ ^^'^ '''^n to- 

i^fl^ P03 ool;/ Jciumou^ uh 4j^iO USA 



03297541J 



> 

ON 
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ISfb, K^-fT-f iSliS^Pt, -60°C 



^M'i^ r y f > ^ ^7 ¥ 



2. j§ifa.iS1±rate& 

2 o-2.5kg ©ai&fflvvfto mmmfi^hyy^f-'y ^ * =^ 

o/oto^'xy^-f b y ^/AS:inx.fco n-7.i w^ffix-jfi/h 

^ (PBS) (mM : NaCl, 137 ; KCl, 2.7 ; Na=HPO., 
8 1 ; KH.PO,. 1.5 : pH 7.4) ISOOXg, 10^ 

fcm. «tl^t/t#iil« (RBC) fclSy l%lc^f5J:9fc 
PBS T-#!Ktfco 

ii 

PBS -C#!Kbfc^?g290,.l (C, 1% RBC 




^Lfc$.])la (800(«o b. c, d; ftfe# (lOOffi, 800(g. 4000(«) 



(132) 
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10^1 (1.5-2.0XlO«cell) ^M^r, 27.5°C, 30^ in- 
cubate t, isooxg, s$^icxm'm<o±mioo^\ 

, flow-injection a<-C'415nm CO hemoglobin 
m^^f^ (P^rnp; Toyosoda HLC 803-A, detector; 
Shimadzu SPD-1 ; flow rate ; 2ml/min). ^mmMM 

U, ft*|:f^5R^C0>f^Wi^^^^ percent ^ plot t, 50 

iii 4^^fii^J^i^^ 

»Sir^ffl:7V-l^ (0.35ml/well, 96well) ^ffiV^, 
PBS -C^rf^ U/c^?SlOO^l 1 % RBC lOOpl 
$:j[lPX. ^m-t:30^> incubate U, 100%^jfiLU-C 

well ^^mm\^m&^f^o fsmmm^nm^^m 

^(ICO assay tCfflV^flo 
3. P -7 h /7 7 ^ - (HPLC) 

^^pr^X^^^-^l^^^^^^-t*' ^^-2 (To- 
yosoda; 4,6X250mm) ^ffiV^r, Tri rotar HI (Ni- 
honbunkoh) X'ff^f^o 

^Vpii^p-^b^'^V^-ti, G-3000SW iSiU^ 
G-2000SW (Toyosoda; 7.5x600mm) ^fflV^T, Tri 
rotar SR-2 (Nihonbunkoh) X'tTOfCo 

i-;^j:;b^, trypsin J; chymotrypsin Hummel22> 
CQ:j^ffi, Leu-aminopeptidase \t Tuppy ^^3) <^:^^, 
esterase Huggins £b2^>(0^ffi, Alkaline-phosphatase 
Garen phospholipse Az \t MoUay 

5. ^ 

r>^>ifiL?»r;^7^^^ (BSA) ^^¥^>'^-°^^ tXffl 
V^-C, Lowry f^^^XO^ffiX'ff /^o/to G-3000SW 

Tryptophan 4 % thioglycoHc acid %:n^fz^m^i^ 
^^tCi^J^ttUfdo r^/^^W(t> Hitachi-655?i^ 
^'n^b/^^^ fflV>r , o-phtalaldehyde 

(OPA) ||)t5>tFfS-effo/-Co 

6. sDS-;i-" >; r ^ y >'^7 ^: K y 

12.5% polyacrylamide gel ^fflVxT, Laemmli^^XO 
-)5Mz:^^X'^^f^o ®^*S()*^T^, 0.1% coomas- 
siebrilliant blue R-250, 50% methanol, 15% acetic 

acid T'S^^feU/'^o ^ v^^^%Wy^mL<n^^\^\^^ 

Merril P>2^>0*StC J: P . ^^^^tro^Co ^^c, 



V^^^Wk^^-^ Eckhardt b3*'>0:t^-CtTOito 

i. '>i^^'JfiL/^1^collK 

n-2-i xWz.m^-k. ^lU-e90xg, i55>ii.il>^tfv^ 

±1^ platelet-rich plasma (PRP) ^ t/io Tl^^ ^ 
tClOOOXg, 155^5i;il>Ur-cCO±l^ platelet-poor pla- 
sma (PPP) h UfCo 

Washed platelet (WP) {i, PRP ^ 50% BSA ±-C 
lOOOXg, 105>ii'L^t-r±vff&^t, HEPES ^» 
(mM : NaCl, 145 ; KCl, 5 ; MgsSO., 1 ; Na2HP04, 
0.5 ; Glucose, 5 ; HEPES, 10 : pH 7.55) ^^Mx. 

Gel filtrated platelet (GFP) ti, Tangen tb3i>0;^i£ 
^C^^^V^ sepharose 2B n -7 h / 7 :7 - tc J: ») b 

Low Na^ l^^gii HEPES ^Sl^cO NaCl $:72.5mM 
tCU, choline chloride 72.5mM UT^K bfCo 

ii. ik/h^EJi^ffi'tico^lilS 

. PRP Eficojfil/h^fCii Coulter counter (model Z-B 
Coulter electrics inc.)- ^ffiV^-CpjSt, PPP ^ffiV^t 
ifil/h^l^^'^3.0-4.5Xl05cell/mm3 ^W<^ 7\^^0 t-P 
StfCo Born3"c;o;^S^C^^^V^, dual sample 

aggregation meter (Sienco ; DP-247E) ^^VnT, 
37^C, m#T-trtfofCo SiiS^^ PRP tcj:!)0%, 
PPP IC J: D 100%lC|^SUfCo PRP 297^1 3 tA 

iii. jfiL/h«rt« ca* m^<om'& 

ti^oX, liSiil^^^ Ca^ quin-2/AM ^ffiV^ 

Xm'^\^t^o -ftS^f^^. WP (3.0-4.0Xl0^cell/1.5ml) 
■(Cquin-2/AM Oit^;&'^15;/M/10WP tC/i^<J: 9 IC^^P 
b, ^ttClmM CaCh ^/iti2mM EDTA, jQ<fcO^ 
:K;gim5j«l ^JPXX, 30°C, 305^ incubate Ufc^, Si 
eiSft339nm, ^aiJSffi^492nm -C'®^^^lteU/-C (Hi- 
tachi ; MPF-3)o 2mM EDTA i^JlU^ 1 mM CaCh <D 
;^^^IPtfcl►(^^•ttV■^:'i^50J«M digitonin ^SUfc^ 
tcg*;^S^^IO^t, ^tl^'iX Fmin jo^t/ Fmax i: 
Lfc. «f^M Ca^ (CCa^DO J^. i'J^fiF'i^ 

ib Tsien f,3*>co:*r?^tct;^ort^^tcj: P*^/to 

CCa^]i(nM) = 115X (F-Fmin)/(Fmax-F) 

iv. isLfbimMW^<^^^'^ 

^^mm.mm'm^-^ djs ^m^\ Friendhoff 

q.«»co*fttci;to-ci|i]^tfco gfp (s.sx 

Wcell/mm") 1.5ml tC0.5mM DiS 6^1, ^^^5^1 ^ 
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^:(jflLr, 37°C, 5:9- incubate Ufc^, B3&&^620 
nm, SiJS?SM670nm r*||)^6^ffilJ^L/-Co DiS ^BM 
L/t^COiit^, ^ b(C valinomycin ^:MMLfc\^ 

COfitcO^^lOOunit t VtZo lunit 0.951 mV {C^^ 

V. 22Na co^AcO^fJ^ 

Feinberg b3^s7)co;^^^c^^^oT, ^^Na OMT^km^ 
LtZo WP (3.0-4.0Xl03cell/ml) 1ml \C, 0.5//Ci- 
22NaCl, 0.2/^Cii25I human serum albumin, K^JglO/il 
^Jnx, silicon oil (SH 550 : SH 200=4 : 1, Toray 
silicone) 0.3ml <0±X% 37°C (CT— S^PhI incubate 
Lfc^, I2000xg fc-Cl:9'^^^L^■f^ci:^c<J:orifil/^ 

^<D^^ silicon oil mT\^tt^'^vibfco ±m<o-^m 

(5/il) ^^^Lfc^, silicon oil ^^t, jfil/hffitCso- 
luen-350 (Packard) 125/^1 ^^IDX.r 60°C, S^f^m^l 
UT^^St, i^mm, isopropanol 375jt/l ^^JD^^Co ^ 

ikM^^t:if>'rij^ly^- (Packard 800-C) X*m& 

m^h-^ibhti, ±?f 1^1 tf^co 22Na 4i:coii:d^ib*Z6 
"space*' r*g:bL, 108<@jfil/hffilci^fl[ L, a^IAO^ 
platelets X'^LfCo 

n-2-i T*^^riLL/tI>i^¥;^i^^bI&^a5:^t!)Ma:MtBL. 95 
%02, 5%C02 ISfncO Krebs-Henseleit (KH ^ 

?K) (mM : NaCl, 118.4 ; KCl, 4.7 ; MgS047H20, 1.2 ; 
KH2PO4, 1.2; NaHCOs, 25 ; glucose, ll.l;CaCl2 
2H2O, 2.5) y -^l^iKlcmmLX , 3x25mm (OM 

ii. jk'i^mmi^m<om& 

20ml ^ (CrTX- 1, n, ni^{;ifi, 2ml) CO Magnus 

-M^^M^^x, ifiif=¥itffi?S*^37'C, KH 

2g (o^ti^ik^LxmML, mKBi^m^: Bm\^rc 

(Nihon kohden; FD transducer SB.lT)o 

SO^PBlffofco 

Ca^ ^.^^mm (Ca^free) (KH h CaCU 

2H2O co;^f.i^i) :fc<};tX{£ Na* (Low NaO(KH 

^?B^(O60ml NaCl Srl^itKO choline chloride \Z.XW 
m ^ilfi-?:n-=eti60 5>*5j:uc30:afTo/ci, jfet^^pm 
ffi5^^;^v^^^^Sf^, v^ftu'L95%02, 5%C02 r-^fpL. 

( 



iii. «Ca CO^AtOilj^ 

«Ca O^A*5J:U^^mti Godfraind h^^^(D-)5m^^ 

^^6^:feil7K (PS (mM : NaCl, 112 ; KCl, 5 ; 

MgS047H20, 1.2;NaHC03 , 25 ; Glucose, 11.5; 
CaCl22H20, 1.25) 4'tC2g <Dm.f}^^^ UTi^-mU, 
60:&^Mbb/c:o l//Ci/ml«CaCl2 ^J[lPx, 5:^^tCgf 
:^?S&^inL-^B$FB^ incubate L^c^, 100%O2 ^fP 
CO La^* (mM : NaCl, 122 ; KCl, 5.9 ; MgCb, 

1.25 ; Glucose, 11 ; LaCh, 50 ; Tris-maleate, pH 
6.8, 15) -C'5^M3lLT|IiNS^®co Ca ^ La XW^\^ 
fz^^K vial tC^L, soluen-350$: 1 ml iPx, 

BOX 1^Pb1T'^»L, '^n%. aquasol-2 (NEN) ^ 
4ml JPX.-C, «Ca C0&W?gi4^?g^v'y^ V 3 V 
(LSC) (Packard 460-C) T'tJ^LfCo #1^ 
rt(c:K!9 3Z.^i^/-c *^Ca %m^<0^t-hi^Mzo 

*5Ca (m mol/kg wet wt.) = (dpm in muscle) (m 
mol Ca/1 medium) /(kg wet wt.) (dpm/1 medium) 

iv. «ca (omxi^^m^ 

jfii^¥it«5^n-8-iii hWm^'^m\\L\^tz%. i^Ci/ 

ml «CaCl2 ^^^tmt-C 2^fBl «Ca $:®Pii^-^fCo 
PS mmm.^X^^m^Wmi'km^X^^nf^ incu- 
bate Lfco n-8-iii i:|s]^fc^3iL, 

«Ca $:^|li^L/to 

V. ^H-norepinephrine efHux (OWi^ 

Sakakibara ib«><Oir^(Ct?^VNtTOfCo Jk^¥it0^ 
:*:(imMfi^a'i^Lfc^, lOOjug/ml ascorbic acid, 
10"5M corticosterone-21 -acetate, 3X10~'^M ^H-norepi- 
nephrine («H-NE ; 3.55;K:i) ^^tf KH 1 ml 
-C', 37°C, 9055- incubate LfCo incubation if?-T^, =^ 
>f^Sr^®Slg^ffi^KtCg^L100mg/l CO ascorbic acid 
Sr^tP KH mWLX^mmi (Iml/min) L, 90:^3jl^^f[^ 
t;feo S^g^^S^^tf KH ^ffifcT^MJSL 

fCo ¥M[:cOJ^iP^10^M^^'bSI^?^^«i??(lml/vial), 
instagel (Packard) 6ml SrJPxr 'H COjS^^^fgi^^r 
LSC (Packard 460-C) Xm%\^tz^ t<DU^f^Wf} 
^{l:ICOVNT'L|^^tCBH^U/c:o J$[ai^:n./-c ^H-NE ^ 
(i, cpm/mg wet wt. X^f:>\^fZo 

9. ■^cDfilico^i^fg»];£& 

i. «*ffl^?:»^^OfiJi^3^^oJ;t>' histamine 1k'^<nm 

Wistar ^^ity-y b^fflV^T, Amellal h^^^O^W: 
t-«^ V NlE^» ^SSi L /-c o r (2 . 5 X lO^cel 1/ml) 

) 



20;/l immOfii kmnV, Sl'C, 30^ incubate Lfc 
^, i^^^mWi^t:mv^rm^\^tZo- Histamine it 
Yoshida h'''<0:^m\C^i)m'^LrZo 
ii. 

^m250-300g CO Hartley h^r^Vx 
-C, Keen ^b«'^0:^^^C^^^o-C^TO/■Co 
iii- 

Wistar ^M^yyht:^v^x, ^mc'^v^^M^t^ 
mt, Langendorff i^fC J; § fjo 
/Co 95%02, 5% CO2 t:mnLft Tyrode's 

mm (mM : NaCl, 137 ; KCl. 2.7 ; NaHCOs, 11.9 ; 
NaH2P042H20, 0.4 ; Glucose, 5.6 ; CaCl22H20, 1.8) 

30°C, 8ml/min T'ri^L, i^^LB:^. ^ll^ffiR 
ffi^ft^lE^LfCo (Nihon kohden ; SB-IT, RP 5 : 
Century technology ; CP-01) S^S^^^fi^DKiE^COjItl^ 

dd r> (20-25g) \C^m<Ol/200^m<D^^ 

and Down & (30^) (cj: !}gaiL/Co ift^i^ifc^^Jig 

w,t:i.fz-r^:K<om. 'bmfibmcm^mmL, 10% 

^U, hematoxylin-eosin ^fe (H-E S^fe) IrJfeL^^ 

fcjfiL/hfeg^^l: 2 % glutaraldehyde T% H^L. T 
/^='-;^^JijT«7kL, ^mWi spatter coater T^:^^^ 
(COMTEC; CSM-501) 

Arachidonic acid (Sigma). A-23187 (Sigma), col- 
lagen (Horm). «CaCl2 (Amersham ; 20 m Ci/mg). 
chlorphenylamine maleate (Kongo), diltiazem hydro- 
chloride (Tanabe). DiS ; 3-3'-dipropyl-2-2'-thiadi- 
carbocyanine iodide (Nippon kankoh shikiso kenkyu- 
usho). 6-hydroxydopamine hydrochloride (Sigma), 
indomethacin (Merck Banyu). ^^^j.^uman serum albu- 
min (Midorijuuji ; 0.036 m Ci/mg). ^zjsjaCl (NEN ; 
282.41m Ci/mg). DL- 7-8H(N) -norepinephrine hy- 
drochloride (NEN; 58,82m Ci/mg). phentolamine 
mesylate (Takeda). quinacrine (Sigma). quin-2/AM ; 



17 

2{(2-amino-5-methylphenoxy) methyl} -6-methoxy-8- 
aminoquinoline-N, N, N\ N',.tetraacetic acid tetra 
(acetoxymethyl) ester (Wako). tetrodotoxin (Sigma), 
valinomycin (Sigma), verapamil hydrochloride (Shi- 
ratori). ^coftfeco^^fi, t> L < fi^jt^ffl ^ ^ 

1- ttffl^siuJjffM 

^^m^^m^o.ig tcimi (o±m^ik&yk^M^, 

4X, 15^m=^&mm (45KHz) L^^, 1500Xg, lO^^g 

Hue, ^ifiiffittco pH i3J:aWg£f4^^LfCo 
pH4.0^Tt/-c(i pH9.0^±T'^^tC3^^L, pH5.0- 
7.5r*tiM:|iiWS^T*feofCo 60°C &.±<om^mxi,M 

micmLfco ^fc, m^mm. mm^mfs: 

trypsin, chymotrypsin ^mLrc^^t*^^2 X*h 
Trypsin ^3S5^r^, chymotrypsin ^Mlf^f^lC 

attfflfgtfco^a^^fgii (unit/mg protein) \t, 
trypsin, 9.3X10"3; chymotrypsin, 8.5Xl0~2 ; Leu- 
aminopeptidase, 7.1X10"3 ; esterase, 2.5 X 10"^ ; Alka- 
line phosphatase, 2.2X10-3 ; phospholipase Az, 5X 

MtE-t^ phospholipase A2 l^^Si-'SOTMiTiVN 



lOfg^cOSOmM mMi- h y pH6.0ig{iifi^|:Jnx, 
4°C, 15:&j@^JSM3l (42KHz) ^ Lfco 4°C, 6000Xg, 

30^^.0 tfc^±ft^*i6, ttmimv^mmmi¥t:m^ 
^^i^x^mti^h^tc, z(D±m\cM\^xm^mj&r^n 



(135) 
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^1 ^t^tii,m^o^m^i^m^ 



Biological Activities 


Dry Tentacle Weight 
(mg;protein ) 


Hemolysis 


0.4xl0'*unit/mg (3 . exio'^unit/mg ) 


Platelets Aggregation 


10"^g/ml (10"''g/ml) 


Mast Cell Degranulat ion 


10"^g/ml (10"^g/ml) 


Vasoconstriction 


10"^g/ml (10~^g/ml) 


Dermonecrosis 


0. lug/site (lOng/site) 


Cardiac Toxicity 


50pg (Spg) 


Lethal Activity 


625>jg/kg (62.5pg/kg) (M.L.D)* 



* Mimimum Lethal Dose 



100 
S 80 

5 60 

o 
< 

^ 40 



CO 
3 

•a 



20 




^2 mmmm^ (omstm^f^^ izM-t ^ 

trypsin, chymotrypsin ^^<D^^ 



Enzyme 


Residual Activity {%) 
Incubation TimeOTc) 
1 f»r 5 hr 


Trypsin 


160 33 


Chymotrypsin 


9.4 0 



4 6 8 0 30" 60 

P^^ Incubation Time (min) 

^ ^mitV^-ftii^, lO-^g/ml 

a : pH ^^^^ Michaeiisi^^^g^tf^, 

b: Um^^\^^ 40^C(O),50°C(«), 
60°C (A), 70°C (A) 



Enzyme concentration ; O.lmg/ml . 
Sample concentration ; 10~^g/ml . 

^, 4o-6o%«^etK^i^^tcii;L>LT«j^), ±mmm 

mi^mmL. DiaAo YM-2 (^M^^ftlOOO) (Amicon) 



step 1. Sonication. 

Lyophilized tentacle + 50mM CfKroONa, pH6 . 0 ( A) 
Sonicate;45kHz,15min,4C 
Centrifuge 6000xg, 30min . 

Step 2. 0-40%, (NH,](,SO, , precipitation . 

30min, 4C. 

Centrifuge 6000xg, 30min. ppt. discard. 

Step 3. 40-60%, (NFUSO, , precipitation. 

60min,4C. 

Centrifuge 6000xg, 30min . sup. discard. 
ppt.+Buffer, A 

Desalt&concentration. Diaf lo. YM-2 
(pCrTX) 

Step 4. HPLC,CM-2SW. 

Buffer, A + 20% methanol 

0.1-0.8M NaCl, linear gradient. 

Concentration. Centricon-10 . 

Step 5. HPLC,G-3000SW. 

0.5M NaCl + 20% methanol 
Constant flow. 

Desalticoncentration. Centricon-10. 
(CrTX-I,Il,iii} 

(136) 
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100 



80 



5; 60 



^0 



20 




AO 80 
(NH4),S04 ('/•) 




CO 80 
(NH^)tSO^ ("/.) 



3 3 i^^mrr\^^^^^skm^i\^m (a) i^it/ 
^ y^<^^Um (b) 
±ff (O), it^ (•) 

(i^^, partially purified Carybdea rastonii 
Toxin; pCrTX t P?^) 

pCrTX ^^^{c HPLC $:fflv^-rfflSiU/io m^\t 

CM-2SW ^^V^T^^/^-:/^^^^ i^^'^^^"*^ 
ffo/-c^*-C'fe-6o ^jfiL?S14fi^^iftlt0.35M. 0.45M, 
0.55M, CO 3 :^;gft-^^l-'Ct#^btb:rccor% ^tBMBt- I . 
n, mirlfA/ric ^tv-t'n^^^tfc^, Centricon-lO 
(^M5^-7-Ml0000) (Amicon) Srffl V^T^iSs t /io 115 



{tl, n, G-3000SW ^ffli-ry/^t^iii 

ll^^^-e^^'n, CrTX-I, CrTX-n, CrTX-nii:P'? 

CrTX-n{i^t)250fg, CrTX-I^ii^W^SM®}^^^/'-o Cr- 
pCrTX 7i^r:.Oitrgi±C0_h#(i, CrTX-m*Wi$, 
CrTX- n {t^^^l20{ig, CrTX-m tt*^40eT'&o/-Co 

iii CrTX-1, n, incottK^r^ati 

CrTX- I, n, fflco^Ti^tt^O^^ma: G-2000SW 
fflV^Tiltet^c^r^ (^6), CrTX-ni30.2^, 
CrTX-Efl29.95^, CrTX-ni(i29.85^{C(Ji^^- peak 
>L-r^WU, -tH^'^^^fi49000, 51000, 52000r^ 

CrTX- I, n, I^{COV^T SDS >//umMS<f]^tT^ 
/■c^C6 (117), CrTX- 1:^5 J: CrTX-lHti 1 
K, CrTX-Eti S/^^^F^^t/c. ^T-ftti. CrTX- I 
;i49000, CrTX- nit 100000, 51000, 49000. CrTX-ffl 
{iSlOOOlrfco/'Co 2-mercaptoethanol ^ST'C'^j^K) 
{feEt-^fj^'^i^i^^^^-o da"syl hydrazine ^fflVN 

V/^'i^KS^feT^it^feU/iTii^Oi^i (0.8%OT)o 
U/c/ii'-oT, CrTX- I. H, HlttS-S "f , ^ 

3f|IK^;h.fc CrTX.ntCoVNrff?>' CM-2SW 
-V^^'^ ^-^ V^^yy -i-^fr^f^'^^^ CrTX-DTii^b 



1.0 




0.8 



0.4 



20 (min) 

3 4 CM-2SW HPLC 
(137) 



20 




US G-3000SW ^'yunii HPLC 



0 


20 




40 


(min) 

m m 














volume 
(ml) 


total 
units 
(xlO^ ) 


\ total 
1 protein 
1 (mg) 


1 specific 
1 activity 
1 (xlO^ units 
/mg) 


purifi- 
cation 


1 yield 
1 (%) 


Homoqenate 


130 


1625 




[ 455 




1 3 


57 


1 


t 100 


0-4 0%(NH,VSO4 


140 


1489. 


4 


t 203 




1 7 


34 


2.1 


1 91.7 


4 0-60%(Nti,^SO4 


30 


1428. 


6 


1 187. 


5 


1 7 


62 


2.1 


1 87.9 


pCrTX 


3.6 


428. 


6 


1 55. 


8 


1 7 


.68 


2.2 


1 26.4 


CM-2SW I 


0.09 


56. 


3 


1 0. 


561 


1 100 


.36 


28.1 


1 3.5 


II 


0.09 


75. 


0 


1 0. 


205 


1 365 


.85 


I 102.5 


1 4.6 


III 


0.09 


15. 


0 


1 0. 


104 


1 144 


.23 


1 40.4 


1 0.9 


G-3000SK CrTX-I 


0.135 


28. 


1 


i 0. 


047 


1 597 


.87 


1 167.5 


! 1-7 


CrTX-II 


0. 135 


32. 


9 


I 0. 


037 


1 889 


.19 


1 249.1 


1 2.0 


CrTX-III 


0. 135 


2. 


3 


I 0- 


008 


I 287 


.50 


1 80. 5 


1 0.1 



ov^T SDS y;u®^^B(l$:tfofci:::6, 
CrTX-I:foJ;C/ CtTX-JR t~^Vtc. 

CrTX-I, n, niio<t?>'fla, nb $:T^ /S^^tff Ufc 
S^75'^^4T'fe^o V^fM, cystin ^^^"f, m&<Or 

^ /mBfU^^^f^o na, nh <or ^ ym&f&i^'tti't' 

CrTX-I. CrTX-miClJI^— g:L/io l^ti, CrTX- 

n (M.w, 100000 i L/'cJg^) (or^/m^M^\t, 

CrTX-Ii: CrTX-nico^fMc(St^^L;!i^ofCo 

Ztlh<OB^-^'h, CrTX-ntt CrTX-I t CrTX-HI 



CrTX-I, n, mo pH i6XUU&^^^i:mMf^ 
^±ico^^-cI^-</i■ (i!9)o pH 4.0WT, pH S.O^J.± 
X'jkf^Ltif)\ 40°C om^mx CrTX-I, n ft?gtt{[^ 

^nfcf}\ 5o°c ^^±vltv^fivi,M^m\c^^Lrco 

4^C, pH 6.0, l^g/ml X<Dm\±<0^m^m\t. CrTX-I 

\t^4\i^m. crTx-mr^smm. crTx-mtij^mrfij 

T'feo^^Co CCOJ: CrTX-I . n, m\tW'ff;\C^^ 

xh^tcisb, mm^^i^^<omm\t:i6iy\c pCrTx 
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21 



0,1 p CrTX-l 

qI 



E 
0.1 



0L_ 

aoip 



CrTX-ll 



CrTX-ll 



20 




(min) 




30 40 (min) 

116 G-2000XW icX^^:^- (D^'f-mm^ 
a : phosphorylase-b 94000, b : bovine 
serum albumin 67000, c : ovalbumin 
43000, d : carbonic anhydrase 30000, 
e : trypsin inhibitor 20100, f : a-lacto- 
albumin 14400 

v^Ttfv\ — giso^i^fciov^rt^ CrTX- 1 , n, nitco 

iv. pCrTX CrTX-I, n, m<D^!^^\± 

^S\C pCrTX joJ;t>' CrTX- 1 , D, in(0#@^#i 
?Si4l:^tfCo pCrTX:JoJ:r/ CrTX-l, n, ffltivxf 

m^ni-^ pCrTX t CrTX- I , n, HKOffittitli, f| 



M.W 




20.1k ^ 



14.4k 



1 7 SDS-** V r ^ V /^T ^ K y yi^^^^ifl 

T = 12.5%, CrTX- I, n, IE (iv^-fn 
t> 0.2/ig, standard fill 6 t Do ^Ife 



pCrTX ioi;t/ CrTX- I , n, fflti«MiC^Lr 
®Sft#14cO^S5^f^ffi^^t/;:o rco^tP]^!- hi- 
stamine i^Wcti^^Mco 

pCrTX CrTX-n<0^^(:i>^1-^f^^(^, J6l^ 



>tM\cni^X pCrTX ^XU CrTX-ntt, ^L^ttfct 
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-9 



22 



Amino Acids 


CrTX-I 


CrTX 


-II 


ICrTX 


-ml 


II 


a 1 


lib 


Asp 


4 6 . 


89 


104 . 


89 


1 49 


.56 1 


45. 


56 1 


54 .70 


Thr 


22 . 


7 4 


43. 


61 


1 22 


.32 1 


22. 


74 1 


24 . 18 


Ser 


32 . 


26 


65. 


65 


1 39 


.91 1 


40. 


21 1 


40. 38 


Glu 


4 8 . 


01 


91. 


59 


1 40 


.16 i 


47 . 


57 1 


42.03 


Pro 


2 1 . 


62 


39. 


93 


1 16 


.30 1 


23. 


83 1 


18, 70 


Gly 


36. 


02 


76. 


29 


1 45 


.20 1 


51. 


21 1 


45.67 


Ala 


35. 


92 


1 72. 


45 


1 44 


.73 1 


37. 


23 j 


42.42 


Cys 




















Val 


24. 


51 


1 52. 


85 


1 28 


.78 i 


25. 


85 1 


27.84 


Met 


11. 


83 


1 22. 


01 


1 11 


.43 1 


10. 


95 1 


13.26 


He 


23. 


32 


1 45. 


19 


1 27 


.34 1 


23. 


77 1 


26.40 


Leu 


32. 


23 


1 62. 


48 


1 35 


.07 1 


30. 


91 1 


36.02 


Tyr 


15. 


60 


1 30. 


72 


1 17 


.03 1 


11. 


70 1 


15.19 


Phe 


16. 


42 


1 32. 


62 


1 15 


.72 1 


15. 


09 1 


16.20 


His 


9. 


55 


1 21. 


03 


1 10 


.95 1 


10. 


46 1 


11.90 


Trp 


6. 


92 


i 15. 


77 


1 8 


.68 1 


6. 


92 1 


8. 22 


Lys 


32. 


47 


1 69. 


84 


1 28 


.49 1 


34. 


66 1 


29.44 


Arg 


23. 


07 


I 49. 


36 


1 24 


.07 1 


23. 


07 1 


25.92 



Amino acids / mole) 



100 



80 



o 60 
< 



3 40 



oc 20 




200 



< 

_ 100 

cd 



o 

DC 




_1 



0 10 30 60 
Incubation Time (min) 



n(«), in(A) omik 



2 4 6 8 10 
PH 

m9 CrTX- I (O) 

a : pH ^^14o Michaelis mmm^, M 

b : Um^^^o ( ) : 40°C, (---): 

50' C 

-ri^XtC pCrTX ioXl^ CrTX-I, H. ffl^ifc^Efl: 

^^i-^t. mm^m. m^mti, mmm. ^r/- 

pCrTX g^^5Et:tfc-7r^;^<0, .L* iflitdj;^:^^ 



mi^^XfW^^f)mis^hi^tCo pCrTX 

tc J: -6 -7 r> ^ o^mm {mw^m\^ ctcmm 
r>\^>^y^*<om^Mmaim^^hnhtifz pCrTx 

^Qj:t>' CrTX- I , n, fflfi, ^-f^ikA^^^^i^V^xm 
S«c#^tcO^«^tt^7r:Ufc((110). pCrTX OMM^ 

collagen <t; !9 ^lOj^im < , 
CrTX-I, n, mommmmt pCrTX XD^h\C^^ 
lOOf^lgV^IE&TFL/'Co pCrTX isXX/ collagen 

Mi>cr:>v^xMMmm'^mwim^^^'rum u/^ t c 6, 

pCrTX ioXrf CrTX-I, H, ffl^^Sgffil^, colla- 
gen ioXU arachidonic acid m^mM^:mhMcnU 
■f-SSffi^^ quinacrine ioXU indomethacin (CioT 
\it/wi:^^^tlfS.f)^'^f^o Quinacrine ioXrJ indo- 
methacin it^iX^'tl phospholipase A2 idXXJ^ cyclo- 
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23: 



pCrTX, CrTX-I, H, HI (0#M^^^f4 



Biological Activities 


pCrTX 1 


CrTX-I 1 


CrTX-II 


1 CrTX-III 


Hemolysis (unit/mg) 


7.7x10^ 1 


597.9xl0'' 1 


889.2x10^ 


1 287.5x10^ 


Platelets Aggregation 


10-^ 1 


10-^ 1 




1 10-? 


(g/ml) 










Mast Cell Degranulation 


10-^ t 


io-« 1 


10-8 


t 10-^ 


(g/ml) 










Vasoconstriction (g/ml) 


10-^ 1 


io-« 1 


10-8 


I 10-' 


Dermonecrosis (ng/site) 


5 1 


N.Dt 1 


0.05 


1 N.D, 


Cardiac Toxicity (pg) 


1 1 


N.D. t 


0.1 


1 N.D. 






* ** 




1 3.0(M.L.D.) 


Lethal Activity (pg/kg) 


127.2(LDgQ*)* 1 


3.5(M.L.D.) 1 


3.6 (M.L.D. ) 




5^X3 pCrTx ^^^^ y^o^ommm^w.^ 



Determined , ** Median Lethal Dose , *** Mimimum Lethal Dose 
oxygenase 

fzf)--^X pCrTXio it/ CrTX- 1 , H , niM^cOjfiL/h» 
arachidonic acid OMMfl^Xf^^, ^COf^Htl^^ 
^LTl;S^ix6<0r'ti?^<, collagen ^ arachidonic 

acid t^mmm^m^^m^-r^i^otrnf^n^o 
<Dmtt:m^t^^^itm^\^MM ca^ mm^mM 

pCrTX ioXn CrTX-I, D, IHfl^ CO lfe/hffi|ift 
tfCo pCrTX ioJ:t/ CrTX-I, H, fflfl^iEftS^c;: 

(iimM ca^ omMii^j^^^xmhMcm^^tif^o 

Ctv{:irzV^LX VPM (±»Jftffl^^Lfc (Ull-a, 
b)o ^tC, quin-2/AM ^ ffiV^T Ca^ m& 

^r^ltetito pCrTX (|112-a) ;}o iO^ CrTX- I , H , EI 
([^12-b) (0^iP(Cj;!9 Mrtli^ Ca* m&^^^&^ 
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.-X 



24 




Ca**(1mM) 
VPM(IOOpM) - 
pCrTX(10-^g/ml) + 



11 pCrTX (a), CrTX- I , 
Xf- verapamil (O^^ 




Ca^(lmM) 
VPM(IOOpM) - 
CrTX-l(b),ll(«),+ 
111(A) (10-eg/ml) 



+ 
+ 



n, m (b) m^mM^^^^i^-r Ca^ 



80 b 



c 

r 

d 
U 



400 




70 



35 S. 

O) 

< 



3x1 0-« 



3x10-' 



pCrTX Cg/mi] 



800 



400 




B 3x10-"> 10-« 3xl0-« 

CrTX-i(o).n(«), 111(A) cg/mi] 



12 pCrTX (a), CrTX- I , H, IH (b) il^cOj^^f^^^ Ca^ mm^mMis X X/MmM 



l^LXV^fCo ^/-c, CrTX- I, D, miC^i^m^^^MM 

Ca* iQJtlPti VPM ic^-ox isii^MW^i^n^^f^ 

(IlI13)o 

W>±<0^^^'^> pCrTX io^Xf CrTX- I, n, m 

»rt»Ca*JgScotgij[inoS*i:e^ti.s::t, ^ 

ca* mmomijmn, ^pts.< t i^- 



aiJ^Lfct r 6, [iI14lC7j^-ri: 9 \C pCrTX ^iO^, ^ 

«ffii±co%3g ttt\c nmm^ m.^mf}'^^ ^t^o pCr- 
TX ^xi^ CrTX- 1, n, miiv^-rniSiSlfe^ii^ 

(IllS-a, b)o 
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25 




Ca-^dmM) + 
VPMdOOpM) 
CrTX-I(o), !!(•). - 
lll(A) (i0-9g/ml) 



+ 
+ 
+ 



13 CrTx-i, n, m m^<D mmiHmm 

Ca^ m^Oi^M^^i^Xi^i- verapamil 



^(btC, «^ Na* (0m^COV^T, 22NaCl 
V^XM'^Vf^tZ^ (1116), pCrTX mr^2^X*i-X- 

tc*0j!Srt Na^ mm^2i^\c±^L^<Dm> ^m<omM 

TX m%<OU^mit, Na^ ^^>^-/m^MXh^ te- 
trodotoxin (TTX), procaine, ioi:t>* ^^^-/^IS. 
^^^jT'feS 4-aminopyridine (4-AP), tetraethylammo- 
nium (TEA) <DV^fn\Z.X-:>Xi,mO%L^^m^{m 



70 



c 35 




30 



> 
E 

20 c 



10 {5 



-I 0 



L 



8 min 



t 



pCrTX 3x10" g/ml 

m 14 pCrTxm^<DmM^ xu Bi^m<omw\ 

m7\C7r^-f'X0{C, pCrTX 

itil Ca^ ^ig(Oii^^^/x^bt>*^cI^^®^±v^ft^4>^g:Na^ 

^«^S*T't±^PJfC«10J (^^70-80%) Ca^ 
^^^S^+T'^O, pCrTX f|IS®*tt^80%i:^i^7i 

(*^I17%) ici-t'^^^O^Co 
^±cO;^^y;i^ib, pCrTX ^^cOjfiL/hW^ti, TTX 
procaine gtttttOSi&^^fr LfcM^ Na^ <0 

mAfi hmmh < (t4-AP, TEA Sfi:i4<ogs&$:/ru 




pCrTX [g/ml] 
H 15 pCrTX (a) CrTX- I , 



o 20 

CL 
« 




10-10 SxlO-'o 10-» 3x10-« 
CrTX-I(o)JI(«)JII(A) [Q/ml3 

n, m (b) m^<D^^m^ xx/MM^B 
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0.5 



0.^ 



0.3 



0.2 



0.t 




2 A 6 8 
Incubation Time (min) 



10 



H 16 pCrTX {Ci§22Na 
(•) : control, (O) : pCrTX SXlO'^g/ml 

/UCOffiJ^-f-^C tr^^^P?tl6o CrTX- I , n, in^^ 
6r ^;ii'^»J^tt, t^^^T pCrTX (7?lfiL/h«^?Stt^ 



Drugs 


Percent 


of decrease. 


TTX (lO'^M) 


10 


0+5.4 


Procaine ( 5x 10 ^M) 


10 


0+3.2 


4-AP (3xlO"^M) 


11 


2 + 6.1 


TEA (10"^M) 


15 


.6+6.5 



(pCrTX;3xl0 g/ml) 

Wc^%LX CrTX- 1 , n, ffl7:i'-±g/i:t^fiJ^li9 tor- 

pCrTX CrTX- I . n, mit^-t^^mU±W]m 

([iii7), v^ftl<Dm^^^^mm<^mmc-^i^xim^^ 

^fplti^^tz-c, ^fc, CrTX- 1, n, moum^mt 

pCrTX i P*^100f§ia/&^ofc:o Ill8(CiFi-<J: 9tC, Ca^ 
i^^^^^tt- (Ca^ free.) ^C:^o^^r pCrTX ^^^JflL 
T^^HX^fi^Pptvf, 2.5mM Ca^ CO^tlP^Cj: y)^'^^^ 
hmhf}-fi)\5l.B^^^Mi^^MZo CrTX- I, n, ffi, NE 
ioXlf KCl CO lUiSl^iiS^ti Ca^ free fCjzoT^g 



^7 pCrTX flB'^JfiL^h^^ft, mmP^mm Ca^ i^l^Oii^D^o it/ISi^l^ 
Low Na% Ca^ free 





Percent 


of decrease . 






Aggregation | 


(Ca^^. 


1 Depolarization 


Low Na^ 


70.5+12.7 1 


77.8±2.5 


1 81.8+11.7 


Ca free 


79. 7± 2.1 ! 




1 17. 4± 3.9 



(pCrTX; 10 ^g/ml) 




5 ^ ? 



10-8 



io-« 



10-7 



(g/ml) 



m 17 pCrTX (A), CrTX- I (O), 

n (•), in (A) mm<om^, 
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i-XoiZ «Ca* i5^ttifC^Ur pCrTX, NE ^XU 
KCl tl, V^trii,mmVfs.^-<>rZo pCrTX is it/ Cr- 
TX-I, n, mti, i-f;f^^^l)P^15^fC^oi.^-C ^^Ca^ 
cO^A^P^^b75MC±iJtlPL/i;^N r(7)itj[lPf^lOO//M VPM 
\z.2:oxnM^ritz (II20)o NE j;t>' KCl Clover 

CrTX-i, n, ra^^coiix^izf^ti, -U, mmw^ 

Ca^ ^-V^ww^^-f ^la^^ Ca^ <DmX^C J: O T t> 

U/£?5^^(b, pCrTX ^oJ:t>' CrTX- I , H. m||^C01t5iS 
Sf£:fi Ca* free icXoXmm ^ i^ ^ ^ ^0 CO . It 

VPM M^Htci:oT^^^50%«lSiJ^ix^ 

im\±cx^mi^mmMr^h^ phentoIamineC»j^SfCO 
V^TM^U/c:iC6, pCrTX joi:t/ CrTX-I, n, ffl 

fcr-oT pCrTX ^XXf CrTX-I, 0, ffi^^OM 

g^ftco it^&^j/j: $ij^f^ffi CO m^i- 6 c t Jiiy ^ H 



^8 pCrTX, NE, KCl, CrTX-I, fl, HI fl%coifiL^^^0i|Xi^Si^::ic^b* J: 1"^^ 





pCrTX 1 




NE 






KCl 




CrTX-I ■ 1 


CrTX-lI 1 


CrTX-III 




(10"^g/ml) 1 


(10 ^M) 


(3 


10 ^M) 1 


(10"^g/ml) 1 


(10"®g/ml) 1 


(10'®g/ml) 


Control 


2 


IdtO. 


1 1 


3 


8±0 


1 j 


3 


5±0 


2 1 


2.0±0.1 1 


2.2±0.2 I 


2.1±0.2 


Ca'*"*"free 




0 




1 


4±0 


* 

6 1 


0 


5±0 


* 

1 1 


0.7±0.2* 1 


1.1±0.4* 1 


0.8±0.1* 


2.5mM Ca'^'^add 


2 


2±0. 


4 1 


3 


9±0 


1 1 


3 


5±0 


1 1 


1.7±0.3 1 


1.9±0.1 1 


2.0±0.2 


Verapamil 10~^M 


1 


0±0, 


* 

1 t 


3 


4.±0 


* 

1 1 


0 


2±0 


* 

0 1 


l.li;0.2* 1 


1.4±0.1* 1 


1.5±0.2* . 


Diltiazem 10"^M 


1 


0±0. 


* 

2 1 




















Phentolamine 10 


1 


4i:0. 


* 

2 1 


1 


1±0 


* 

1 t 


3 


3iO 


3 1 


1.2±0.4* 1 


1.4±0.2* 1 


1.5±0.2* 


60HDA 10~^M 


1 


2±0. 


* 

2 1 


3 


8±0 


1 t 


3 


4±0 


2 j 








Guanethidine 10 


2 


5±0, 


2 1 


A 


3±0 


* 

2 1 


3 


5±0 


2 1 








Bretylium 10~^M 


2 


1±0. 


2 1 




















Reserpinization 


2 


5±0. 


* 

1 1 


4 


4±0 


* 

1 1 


4 


1±0 


* 

2 1 








Phentolamine+Verapamil 


0 


2±0. 


* 

0 1 




















60HDA+Verapami 1 


0 


3±0. 


* 

0 1 




















Tetrodotoxin 3 10 


2 


1±0. 


2 1 


3 


9i:0 


6 1 


3 


6±0 


2 1 








Low Na"*" 


1 


3±0. 


* 

1 1 


3 


7±0 


2 1 


2 


7±0 


★ 

3 1 








Chlorphenylamine 10 


2 


0±0. 


1 1 




















Indomethacin 10 


1 


9±0. 


1 1 





















Results are given as mean developed tension (g)±S.E. 
* p<a.01 
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20min 



pCrTX;lO''g/mI 



biCa+'^-free 

I I 




pCrTX:iO-°g/mI I 

Ca^-'2.5mIVl 

n 18 pCrTx mm<Di\^mBiJt^tmm^y 

Ca^ (DB^ 

J: pm^u/c (^8)o ^h\^ KCl m^<Di^mR}t^\^ 

\t^±\cmiir^mm<^ verapamil (VPM) COfj^B 
tCioT pCrTX ^Xrl CrTX-I, Q, mm^^m^ 

mo%mi^Mzf)K NE ^^nxffiic^i-^wifi^g 

-C&ofCo ^±£0-i:/6^^ pCrTX ioXU CrTX-I, 

n, mmm<o^m^&mm^ ca^ mm^cm^v. - 
m&i^w^ ca^ f--v^w^^^rt^c ca^ mA<om 

^CX\ ''<aC\2 ^fflV^T Ca^ CO^A:J^ X t>'^ttitC 
oV^r^f^Lfc (I119)o ^^Ca^ omXK^idV^X, pCr- 
TX, NE ioXXf KCl co^ip^, 5ioJ;m5^T'fia^ 

^^ca^ mm-^ nmmo ^n\^it vm^^ m^^Lti 



28 



800 



o 

i 400 

m 
o 



OS 



I 



Issue; 


800- 






wet 












0 

E 


400- 


=L 




CO 

0 




n 





rl 



30 



5 15 

*5Ca efflux (min) 
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5 15 
45Ca Influx (min) 

m 19 «Ca^ (OmX (a) ar^ffi (b) 
(O) : control, (•) : pCrTX, (a) : NE, (A) : KCl 

a : Reserpinized 



pCrTX (10-6g/ml) 



30 



b : Normal 



pCrTX 




Verapamil 10 M 




Verapamil 10 M 



VPM(10-«M) - + 

m 20 pCrTX (A), CrTX-I (O), H 
(•), in (A) iCiS«Ca^ (DMA 
(c^sii^-f verapamil 
*5Ca^ incubation time : 15min 

e-hydroxydopamine (6-OHDA) \CX^^n&^<OW: 
:^\c pCrTX ^^jfjPLT i«gcOlR^^*-#,®$^^S^c-^ 
t''f, ^ofcJRJHSSJ^ti phentolamine X'\tmW^^ 

f, VPM j,cxoxmt^±\mU^tvti (^8)0 t 

tz, reserpine ^mVfc^i-^^Ojk'S^m^X\t, 021- 
a 9 pCrTX (O^JntCj: P ^^^^ItSlfiSS^ST!'*^ 

b) J: P5g^)7!iMClRfiSO@Kf^ :^#^^<^/'-o Reserpine 
^:iLHS*T'C01t5tj^SfSti VPM fifl^®-C'*W%?tlSJ ^ 



2g. 



20 min 



Phentolamine 10'* Wl Phentolamine 10"® M 

H 21 Reserpine mmW^ (a) iJiU^jE^^ 
(b) (c *5 ft ^» pCrTX M^itZ^t 
verapamil, phentolamine <0^^ 

tlfzf)\ phentolamine X'\t^^^ tit^-^^^fCo 
•pCrTX ^rftffi^^/'cirr^, it5iJKRlS^^(-:$fci:-^-C 
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m 22 3H-NE ^^DiA^ -a: tcm^\^ ^ pCrTx mm^mi: <Dm 

m, ^3it>' Ca* free <0B^ 

(•) ( ) : pCrTX, (O) (---): Ca* free 



120 min 

r 



r 



Vehicle 



Tyr 



NE 



KCI 



120 min 




r 



2g 



pCrTX 



NE 



20 min 



tyramine, KCl : 30mM 

wm^x^mmti «h (Dnm^^^-M^hMc (022)0 nzi^s 

Jt^f^hmc m ftttiti V^f;^^^i Ca^ free TT'ti^^ 
Lfc;!iSo-c, pCrTX ibt/tc^pjf 

i^M\tt^\cm^^ Ca* $ i^ 

60 Hudgings f>«>fi, reserpine ^g^Ojfil^^itSStO 

ca^ m^mt/cm vx^v. c<octtut^^m^M 

Xh^ NE (DTi^fthf. KCl ;i^cDlRJS^^i^K(C^ 



'sE'^W:^ (a) isiu: pCrTX ^E^:^ (b) \z.^\-yh tyramine, 
norepinephrine, KCl ^^(OliJt^^^ 

NE : 10-«M norepinephrine, pCrTX : 10-«g/ml, Tyr : 10-*M 



pCrTX m^mmt- reserpine Mg^ tC^P^ (Clf;^ L T 
VNfcCOtt, pCrTX 0;t-f ^ Ca^ ft^l^cOJpitffiJ 
\^nir^^mt- reserpine ^a(C<}:orii?^^tlfc^^ 

-ir. pCrTx m^w^\x wm.%Mm\^^^xm^ 

E $ a JlZ^ tl^hfi"^ t-W0Ji" S ?t gco guanethidine 
^ bretylium if O^^^^gii^^fC j:oTWl0J$^ 
f, guanethidine -eft±i5^;!i*^;^^^nfc (^8)0 ^h\Z., 
TTX CAT m^'^m\^n\.X^^\.ts.t--:>fz<DX 

(fg8), pCrTx CD NE mwmmrmM%mm\^ ^ 

BI23-b fc^f pCrTX ^MiiU/iCOibiftj^L 

SJffliK^fClHim^ (120:^^) <0:g*tC*5ftS tyramine 
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control pCrTX cocaine 

(10-«g/ml) (3x10-"M) 

0 24 pCrTX *5J:0= cocaine l^iSlfil 
(fsprtE'-w 'H-NE <om Dii^ 

,|§L-Cv^fcAs NE ^ KCl ^?8©l|X^®Kfr-l-i*^^ 
^i^Ti^ofc, tyramine colifc, nicotine ^»tt 

-g-tcti^^fc pCrTx jaa^tcfi^wfc^^^^i^'^ ^^t^* 

U^ cix&<D^t*^t>, pCrTX <^*al!(cJ:y1'{'^l^ 
^X-co NE «Sl!)ii5^W*3it>-4fcl4ff?®S«*'^^^ 

ttg£(Ofc»(c NE BtP^ii^PI^^®-^'*'^ ^ 
'H-NE oStOiii^-l^SiSi-J^^'-''^^"^^^ 
Ufc (1224). ^Oiem, cocaine SitSmi^ 'H-NE 
9ii^^±iK)50%«IS!l$^^fcc CiVt^MU-C pCrTX «i« 
Sl-I± 'H-NE <D^Pii;«^l4*^85%WS>J^*^^-» l-^*' 
4tor. pCrTX tmmmicm^-^ SrSfeWi-S 
title, NE 0Sf!)5iJ^««fc'ti>'*^-'*W'^^^'^ 

fl^OSi 9lC pCrTX ^%©ltX^Sl£?(-^l-"^ 'T'T^ 
{ifgSU/tA^ofcjJJ, Low-Na^^'l^-fl* pCrTX ^ 
^JRiffiB:i^40%ttl®JS*tfcfc» (^8). pCrTX fl^<0 

*^St$Jv. ffi(4tfe?iF«; Ca* ^ ^ ^i'*'^ {1^S()-r 5 ^ 
*M3. TTX iatit«-<0S8§S:^Ufc Na* (DaEA*'^t>t 

ommtt, Ca* £r«« T-C- pCrTX tmMVX 

^i?»*vN«s ^«5>fg Ca» S:^*ni- 5 trnfM*"- 



Sfc, pCrTX ^^(OlRSsSffrt. histamine (Ot^tn. 
^|-C*fo5> chlorphenylamine ^ cyclooxygenase 

indomethacin XMi^^^n'^l'^^-* (^8), 
histamine f£ ibt>'lCrtB1± prostagrandins cOffilSfci 

xfziih (D^mi^nmmm 5r t © -c- « © x- 

WJi°^.^*?i^^b, pCrTX (i TTX ffiStfficoSSS^ 
(C'K#1"'S>C i:;5'^P^^/i^E-^H^-o ^(btCpCrTX (ilk 

CrTX-i, n, niil^coiix^^f^^, «^ Ca^ 

-K^i-^Ct, /i^t/tC VPM ^ phentolamine 

tmmfiummmmw\^ti^o vtct^^^r, pCrTx 

conx^ffitt^mtc^ur, CrTX-i, n, ni^'^±^/<cS 
IV m t£ 

-6, pH 4.o^:iiT, pn9.o^^±<Dm. T;^:^y^s, 
6o°c ^±cojpi^^s. 'M^mm, w^^^^> ^^^mm 

fl^<D^¥^, trypsin, chymotrypsin ^W^^^ 

2) atttli?i^$:40-60%St^^li[U/-ccOt>K^U pCr- 
TX mt^o m^y^^^^^ u?hc \cx D pCrTx om 

CrTX-i, n, mcosScoB^d'^^fp 

MZo 5>^ftti, CrTX- 1 >6'^49000, CrTX- H ;6'-100000, 
51000, 49000, CrTX-ni;^'^5lOOO-efco/-Co v^fn'bSS 
^^^f, -^fc. S-S^^i^^-^tS^t^ot^o Cr- 
TX-nti, CrTX-It CrTX-fflcO^^^-Cfc^C^Ti'^ 
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3) f^m^ntz CrTx-i, n, Diii, ^mm'Pic 
Tx :^^h<Dmm{±^±mii, mmmicmi-^t 

tztzify, CrTX-I. u, mmmtiimiiJ:U pCrTX 0^ 

4) pCrTX m?i<Oikmmmii. TTX feio; pro. 
caine i&m'Omt:^ LtzMm^ Na* <Oj>EA/j: feo: 
fcSt < f44.AP, TEA mm<omt:fyLit coglt 
WlcJ:oTJt^fi<j;>^«K^^^:4i:, ^^^^^ ^^^^^ 

X.f,^t/t, Sfc, ^flgp^Sil Ca* ^^(DJfiiflteii - 
CrTX-I, n, m?i<DmmRtt^t, pCrTX t 

5) pCrTX ^?§<Ojfiif ipft|Sl{5JJ^(.;(3^,.^^ pC^^X 
« TTX S^^±©^S§^ifhLfc Na- ©^A&l>t;i5;Ja 
tLxm<omi^m^^tzi-zt, Sfc, 35^t*ig*gB;i: 

fco pCrTx nmm!>^^<o^mmm^u<o 

^Cti^^^^Htz.CrTX-l, n, m^lSoiR^RfS 
t, pCrTX il^^;i:l|2^t|«S:J(^LT5gS^:tLS't 

6) 7i^K>^7y<0«^^itx#e,iifc pCrTX 

fc-ia- CrTX-I, n, ino;fi-5gjiii, «iSHM!Ste 

^v'i^'mmmmmc':>vsxiiM l < ^f=f 

Pi&msriiv-^c, ^mmam, fmms^m, it^u 
^)>\mmm, smmf^m. 
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'-^fn, mn±, phospholipase A, n 
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L2 484 S (JELLY FISH OR PESTICIDE) AND (HEMOLYTIC OR HEMOLYSIS) 

L3 317 DUP REM L2 (167 DUPLICATES REMOVED) 

L4 25 S JELLY FISH AND (HEMOLYTIC OR HEMOLYSIS) 

L5 2 5 DUP REM L4 (0 DUPLICATES REMOVED) 

L6 66 S (HEMOLYTIC (4A) PESTICIDE) OR (HEMOLYSIS (4A) PESTICIDE) 

L7 40 DUP REM L6 (26 DUPLICATES REMOVED) 

LB 110 S CARYBDEA RASTONII 

L9 4 0 DUP REM L8 (70 DUPLICATES REMOVED) 

LIO 32 S L8 AND (HEMOLYTIC OR HEMOLYSIS) 

E NAGAI/AU 

E NAGAI H?/AU 

E NAGAI HIROSHI/AU 
Lll 0 S E3 AND JELLY FISH 

L12 8 S E3 AND RASTONII 

E NAKAJIMA TERUMI/AU 
L13 14 S E3 AND RASTONII 



